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(54) WELDING METHOD FOR HEAT RESISTANT Ni BASE ALLOY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a diffusion welding method capable of 
obtaining a joint excellent in performance such as creep strength, by using a Ni base alloy 
high in Al content as the material to be welded. 

SOLUTION: Welding faces of a Ni base alloy high in Al content are butted to each other 
through an insert material which contains, by weight, 1-18% Cr, 1-5% B, 0.01-5% Ce, 0- 
1 1% Zr, 0-22% Hf, 0-1.1% Nb and 0-22% Ta, a pressure of 0.1-2.0 kgf/mm2 is applied 
the butting direction under vacuum atmosphere of <8x 10 torr or inert gas atmosphere 
containing 0-5 vol.% H2, and the butting parts are held at the temp of the melting point or 
above of the insert material and the melting point or below of the material to be welded at 
least for 120 sec. 
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[Claim(s)] 

[Claim 1] aluminum : Are the junction method which uses as jointed material nickel 
machine alloy which is excellent in the high temperature intensity containing 1 .5 to 15 
weight %, and corrosion resistance, and the bonded surfaces of the jointed material 
concerned [ weight % ] Cr: 1-18%, B:l to 5%, Ce : 0.01 to 5% is contained. Furthermore, 
Zr:0-ll%, Hf:0-22%, Nb:0-ll%, Ta : It compares through the insertion material of nickel 
machine alloy containing 0 to 22%. Bottom of vacuum atmosphere of 8x10 to 1 or less 
torr or 0 - 5vol% of H2 under the shield atmosphere by the included inactive gas And it is 
0.1 to 2.0 kgf/mm2 to the comparison direction. The junction method of heat-resistant 
nickel machine alloy characterized by holding the comparison portion for 120 seconds, 
and more than the melting point of insertion material carrying out diffused junction at 
least to below the melting point of jointed material where pressure is applied. 
[Claim 2] The junction method of heat-resistant nickel machine alloy according to claim 
1 characterized by performing stress relief heat treatment only holding time [ to be 
satisfied with specific temperature T within the limits of 1 100-1350 degrees C (degree C) 
of x(T+273) (log(t/3600)+20) xl0-3 <=33 ] t (s) to the joint part after carrying out 
diffused junction. 

[Claim 3] Jointed material by weight % C:0.1% or less, less than Si:5%, and less than 
Mn:0.2% Cr: 1-18%, aluminum: 1.5-15%, Fe : 0 to 5%, B:0 to 0.05%, Zr: 0-0.5%, Hf:0- 
1%, Ti:0-1%, Mg : 0 to 0.05%, Mo: 0-6%, W:0 to 12%, V:0 to 3.5%, Nb:0-5.5%, Ta:0- 
11%, Y:0 to 0.25%, La:0-0.25%, and Ce: The junction method of heat-resistant nickel 
machine alloy according to claim 1 or 2 characterized by being nickel machine alloy 
containing 0 to 025%. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the junction method of heat-resistant 
resisting pressure piping of a petrochemical plant also in the junction method of heat- 
resistant nickel machine alloy excellent in the intensity in high temperature of about 1000 
degrees C, and corrosion resistance. 
[0002] 

[Description of the Prior Art] The austenitic stainless steel which fills either high Cr 



content and high nickel content and both is used for heat-resistant resisting pressure 
piping of a petrochemical relation plant from the former. The content of aluminum is 
raised so that a still severer operating condition can also be borne these days. Many 
nickel machine alloys which aimed at high temperature intensity and a corrosion-resistant 
improvement are proposed (for example, JP,H4-358037,A, a 5-33090 gazette, a 5-33091 
gazette, a 5-33092 gazette, etc.). 

[0003] If gas tungsten arc welding (the GTAW (Gas Tungsten Arc Welding) method: 
what is called a TIG welding process) etc. is applied when assembling as a structure the 
alloy which contained these aluminum so much The problem of producing a high 
temperature crack or causing a re-heat crack at the time of post weld heat treatment 
arises, moreover — if the soldering method is applied - formation of an A1203 coat — a 
connected surface — enough — it gets wet, and a sex is not obtained but a junction defect 
occurs. For this reason, since vulnerable ************** w jjj ^ e f orm ed j n a junction 
layer as an unusual appearance even if joinable, sufficient high temperature intensity is 
not obtained. 

[0004] Moreover, in applying a solid-phase-diffusion-welding method, sufficient contact 
of bonded surfaces is not obtained with the A1203 coat formed on a connected surface, 
but it is easy to generate a junction defect. Therefore, sufficient high temperature 
intensity is not obtained and application to a real structure cannot be aimed at. On the 
other hand, the liquid-phase-diffusion-welding method is known as a method of 
preventing generation of vulnerable ************** i n a junction (for example, JP,H3- 
71950,B). However, with a high aluminum alloy, since the A1203 coat is formed like 
soldering, on a bonded surface, the liquid-phase-ized insertion material dies uniformly, 
and does not cross, and a healthy junction is not obtained. 
[0005] 

[Problem to be solved by the invention] The purpose of this invention is the junction 
which uses nickel machine alloy with high aluminum content as jointed material, and 
there is in offering the junction method of heat-resistant nickel machine alloy by a 
diffused junction method that about the same creep strength as a base material etc. can be 
secured at about 1000-degree C high temperature. 
[0006] 

[A means solve a technical problem by which it accumulates and is alike] Since this 
invention persons established the liquid-phase-diffusion-welding technology of nickel 
machine heat-resistant alloy with high aluminum content, they were able to inquire, and 
they were able to check the following item. 

[0007] (a) The chemical constitution insertion material of insertion material is good to 
consider it as the following nickel machine alloy, in order to secure the intensity in high 
temperature, and corrosion resistance. 

[0008] The operation of the melting point depression of insertion material of B is 
remarkable, and it is an indispensable element. 

[0009] Cr is indispensable although the intensity in high temperature and corrosion 
resistance are secured. Cr hardly affects the melting point of insertion material, and the 
rate of a junction defect. 

[0010] Ce has the operation which the wettability of a connected surface and the 
dissolved insertion material is improved, and reduces the rate of a junction defect, and is 
a required element. 



[001 1] Although they raise the melting point of insertion material, since Zr, Hf, Ta, and 

Nb improve the wettability of a connected surface and the dissolved insertion material 

and reduce the rate of a junction defect, they are good to add if needed. 

[0012] Based on the above-mentioned matter, the insertion material which consists of a 

nickel machine alloy which contains Cr:l-18%, B:l to 5%, and Ce:0.01-5%, and contains 

Zr:0-1 1%, Hf:0-22%, Nb:0-1 1%, and Ta:0-22% further was selected. 

[0013] (b) In order to obtain the junction which has sufficient performance without a 

junction defect as a result of investigating the atmosphere at the time of junction 

condition ** junction, ** junction time, and ** junction pressurization power, it is 

necessary to adopt the below-mentioned junction conditions. 

[0014] (c) If stress relief heat treatment is performed to the junction (henceforth a joint or 
a joint part) obtained on the conditions with which it is satisfied of the stress-relief-heat- 
treatment condition above (a) and (b), the creep strength in high temperature can be 
raised further. 

[0015] This invention was completed through the on-site trial production of many joints 
based on the above-mentioned matter, and the summary is in the junction method of 
following (1) and heat-resistant nickel machine alloy of (2). 

[0016] aluminum : (1) Are the junction method which uses as jointed material nickel 
machine alloy which is excellent in the high temperature intensity containing 1.5 to 15 
weight %, and corrosion resistance, and the bonded surfaces of the jointed material 
concerned [ weight % ] Cr: 1-18%, B:l to 5%, Ce : 0.01 to 5% is contained. Furthermore, 
Zr:0-1 1%, Hf:0-22%, Nb:0-1 1%, Ta : It compares through the insertion material of nickel 
machine alloy containing 0 to 22%. Bottom of vacuum atmosphere of 8x10 to 1 or less 
torr or 0 - 5vol% of H2 under the shield atmosphere by the included inactive gas And it is 
0.1 to 2.0 kgf7mm2 to the comparison direction. The junction method of heat-resistant 
nickel machine alloy which holds the comparison portion for 120 seconds and as for 
which more than the melting point of insertion material carries out diffused junction at 
least to below the melting point of jointed material where pressure is applied. 
[0017] (2) The junction method of heat-resistant nickel machine alloy given in the above 
(1) which performs stress relief heat treatment only holding time [ to be satisfied with 
specific temperature T within the limits of 1 100-1350 degrees C (degree C) of x(T+273) 
(log(t/3600)+20) xl0-3 <=33 ] t (s) to the joint part after carrying out diffused junction. 
[0018] In the above (1) and this invention of (2) Although jointed material should just be 
nickel machine alloy which contains aluminum 1.5 to 15 weight %, desirably By weight 
%, C:0A% or less, less than Si:5%, and less than Mn:0.2% Cr: 1-18%, aluminum: 1.5- 
15%, Fe : 0 to 5%, B:0 to 0.05%, Zr: 0-0.5%, Hf:0-1%, Ti:0-1%, Mg : 0 to 0.05%, Mo: 
0-6%, W:0 to 12%, V:0 to 3.5%, Nb:0-5.5%, Ta:0-ll%, Y:0 to 0.25%, La:0-0.25%, and 
Ce: It is desirable that it is nickel machine alloy containing 0 to 0.25%. 
[0019] As for nickel machine alloy of jointed material, piping, a thick board, a thin board, 
a forge article, etc. correspond. Moreover, insertion material is good with a thin belt 
about 5-500 micrometers thick. When joining piping, the circumference for a junction of 
a cross section which makes piping associate is covered, and it is good for the cover to 
consider it as the form of a same mind ring so that an unnecessary portion may be 
lessened, inactive gas - Ar and N2 etc. - the gas which cannot mainly cause oxidation 
reaction easily corresponds. 
[0020] 



[Mode for carrying out the invention] Next, the Reason which limited the junction 
method of this invention as mentioned above is explained. "%" about an alloy element 
expresses "weight %" with future explanation. 

[0021] «Insertion material» What is marketed (brand name "Glassmet") can be used 
for insertion material. Moreover, it can manufacture by dropping **** (nickel machine 
alloy) which adjusted composition at the rotation roll surface by the ** rolling method or 
the single rolling method. Let chemical constitution be the following range. 
[0022] Cr: 1 to 18%, Cr is an element effective in the intensity in high temperature, and 
corrosion-resistant improvement, and is required. [ 1% or more of] However, if it 
exceeds 18%, organization stability and high temperature creep strength will be 
degraded. For this reason, Cr content may be 1 to 18%. The desirable range is 2 to 16%. 
In this case, better corrosion resistance and intensity are securable. 
[0023] B:l to 5%B is an element effective in the melting point depression of insertion 
material, and is required. [ 1% or more of] However, if it exceeds 5%, generation of 
****** will be promoted within a junction layer and the ductility of a junction will be 
reduced. For this reason, B content may be 1 to 5%. The desirable range is 1 .5 to 4.5%. 
[0024] Ce: 0.01 to 5%, affinity of Ce with O (oxygen) is strong, and it destroys an A1203 
coat. For this reason, a wettability is improved and it is an element effective in decline in 
the rate of a junction defect, and in order to acquire this effect, 0.01% or more is required. 
However, if it exceeds 5%, it not only reduces the ductility of a junction, and intensity, 
but it will react with aluminum of a base material, it will generate an aluminum-Ce 
intermetallic compound, and manufacture of the insertion material itself will become 
difficult. For this reason, Ce content may be 0.01 to 5%. The desirable range is 0.1 to 4%. 
[0025] Zr: Zr does not need to contain 0 to 11%. If it adds, it is strong, and affinity with 
O (oxygen) will destroy an A1203 coat, and will improve a wettability, and Zr will be an 
element effective in decline in the rate of a junction defect. In order to acquire the effect, 
0.01% or more needs to be added. However, if it exceeds 1 1%, it not only reduces the 
ductility of a junction joint, and intensity, but it will react with aluminum of a base 
material, it will generate an aluminum-Zr intermetallic compound, and manufacture of 
the insertion material itself will become difficult. For this reason, as for Zr content in the 
case of adding, it is desirable to consider it as 0.01 to 1 1%. 

[0026] Hf: Hf does not need to contain 0 to 22%. If it adds, it is strong, and affinity with 
O (oxygen) will destroy an A1203 coat, and will improve a wettability, and Hf will be an 
element effective in decline in the rate of a junction defect. In order to acquire the effect, 
0.01% or more needs to be added. However, if it exceeds 22%, it not only reduces the 
ductility of a junction joint, and intensity, but it will react with aluminum of a base 
material, it will generate an aluminum-Hf intermetallic compound, and manufacture of 
the insertion material itself will become difficult. For this reason, as for Hf content in the 
case of adding, it is desirable to consider it as 0.01 to 22%. 

[0027] Nb: Nb does not need to contain 0 to 1 1%. If it adds, it is strong, and affinity with 
O (oxygen) will destroy an A1203 coat, and will improve a wettability, and Nb will be an 
element effective in decline in the rate of a junction defect. In order to acquire the effect, 
0.01% or more needs to be added. However, it not only reduces the ductility of a junction 
joint, and intensity, but if it exceeds 1 1%, it will react with aluminum of a base material, 
and it generates an aluminum-Nb intermetallic compound, and manufacture of the 
insertion material itself becomes difficult. For this reason, as for Nb content in the case of 



adding, it is desirable to consider it as 0.01 to 11%. 

[0028] Ta: Ta does not need to contain 0 to 22%. If it adds, it is strong, and affinity with 
O (oxygen) will destroy an A1203 coat, and will improve a wettability, and Ta will be an 
element effective in decline in the rate of a junction defect. In order to acquire the effect, 
0.01% or more needs to be added. However, if it exceeds 22%, it not only reduces the 
ductility of a junction joint, and intensity, but it will react with aluminum of a base 
material, it will generate an aluminum-Ta intermetallic compound, and manufacture of 
the insertion material itself will become difficult. For this reason, as for Ta content in the 
case of adding, it is desirable to consider it as 0.01 to 22%. 
[0029] In addition, neither intensity nor corrosion resistance is degraded at high 
temperature, and nickel machine alloy containing the alloy element usually used is also 
contained in the range of this invention. It does not interfere, even if it contains, as long 
as unescapable impurities are also usual within the limits. 

[0030] «Chemical constitution of jointed material» In invention 1, using as jointed 
material nickel machine alloy which is excellent in high temperature intensity and 
corrosion resistance is premised on being used for the chemical plant exposed to hot 
environments. The alloy whose nickel content of considering it as nickel machine alloy is 
high is because it excels in high temperature intensity and high temperature corrosion 
resistance. 

[0031] aluminum: 1.5 to 15%aluminum is required for improvement in carburization- 
proof nature or caulking-proof nature at high temperature. For this reason, target nickel [ 
this invention ] machine alloy needs to contain aluminum 1.5% or more. However, if it 
exceeds 15%, room temperature, the ductility in high temperature, and toughness will 
deteriorate. For this reason, aluminum content may be 1.5 to 15%. The desirable range is 
4 to 13%. 

[0032] As for other alloy elements, it is desirable to consider it as the following content. 
[0033] Although C:0.1%or less C is an element effective in securing normal temperature 
and the intensity in high temperature by a little addition, if it exceeds 0.1%, ductility and 
toughness will fall. For this reason, that maximum is made into 0.1%. In addition, it is 
desirable to consider it as 0.003% or more, and C content does not usually become less 
than 0.003% from a point of intensity reservation. 

[0034] Si: Si may be effective also in improvement in oxidation resistance or 
carburization-proof nature as a **** element 5% or less. However, if it exceeds 5%, 
ductility and toughness will deteriorate remarkably. For this reason, that maximum is 
made into 5%. The standard of the minimum of Si for demonstrating the **** effect is 
just over or below 0.05%. 

[0035] Mn: Although 0.2%or less Mn has a **** operation, it promotes the formation of 
a SUPINERU type oxidization coat which degrades caulking-proof nature. For this 
reason, that maximum is made into 0.2%. A desirable maximum is 0.1%. 
[0036] Cr: 1% or more of Cr is required 1 to 18% because of reservation of oxidation 
resistance or caulking-proof nature. However, if this invention does not have required ** 
included in high concentration in nickel machine alloy of high aluminum content and 
exceeds 18% like target jointed material, it not only degrades the stability of the 
organization in high temperature, but carbide will deposit unevenly and it will degrade 
toughness. For this reason, Cr content may be 1 to 18%. The desirable range is 3 to 15%. 
[0037] Fe: Fe does not need to contain 0 to 5%. If it adds, Fe will substitute for some 



expensive nickel, it will put on nickel, and there will be no operation which raises 
performance instead, but there is also no element to degrade. However, if it exceeds 5%, 
heat resistance will deteriorate. For this reason, as for the maximum of Fe content in the 
case of adding, it is desirable to consider it as 5%. 

[0038] B:0 to 0.05%B does not need to contain. If it adds, B will strengthen a crystal 
grain community and will raise creep strength. Although this effect becomes remarkable 
at 0.001% or more, if it exceeds 0.05%, creep strength will fall on the contrary. For this 
reason, as for B content in the case of adding, it is desirable to consider it as 0.001 to 
0.05%. 

[0039] Zr: Zr does not need to contain 0 to 0.5%. If it adds, Zr will strengthen a crystal 
grain community and will raise creep strength. Although this effect becomes remarkable 
at 0.01% or more, if it exceeds 0.5%, big and rough carbide will be generated and creep 
strength will fall on the contrary. For this reason, as for Zr content in the case of adding, 
it is desirable to consider it as 0.01 to 0.05%. 

[0040] Hf: Hf does not need to contain 0 to 1%. If it adds, Hf will strengthen a crystal 
grain community and will raise creep strength. Although this effect becomes remarkable 
at 0.05% or more, if it exceeds 1%, it will generate big and rough carbide and will cause 
degradation of creep strength. For this reason, as for Hf content in the case of adding, it is 
desirable to consider it as 0.05 to 1%. 

[0041] Mg: Mg does not need to be included 0 to 0.05%. If it adds, like the above- 
mentioned B, Zr, and Hf, Mg will strengthen a crystal grain community with a very small 
quantity, and will contribute it to improvement in creep strength. Although this effect 
becomes remarkable at 0.001% or more, if it exceeds 0.05%, a cleanliness factor will 
deteriorate and ductility and toughness will deteriorate. For this reason, as for Mg content 
in the case of adding, it is desirable to consider it as 0.001 to 0.05%. 
[0042] Mo: Mo and W do not need to contain W:0 to 12% 0 to 6%. If it adds, Mo and W 
will dissolve mainly to the Os Tena Ito **, will strengthen the Os Tena Ito **, and will 
raise creep strength. In Mo, this effect becomes remarkable at 0.5% or more in W 0.2% 
or more. However, Mo exceeding 6% and W exceeding 12% cause generation of the 
intermetallic compound which degrades toughness. For this reason, as for Mo content and 
W content in the case of adding, it is desirable to consider it as 0.2 to 6% and 0.5 to 12%, 
respectively. 

[0043] V:0 to 3.5%V does not need to contain. If it adds, V will dissolve in the Os Tena 
Ito ** or Cr carbide, and will raise creep strength. Although this effect becomes 
remarkable at 0.1% or more, if it exceeds 3.5%, toughness will deteriorate. For this 
reason, when adding, as for V content, it is desirable to consider it as 0.1 to 3.5%. 
[0044] Nb: Nb does not need to contain 0 to 5.5%. If it adds, Nb will raise creep strength 
in a very small quantity. Although the effect becomes remarkable at 0.3% or more, if it 
exceeds 5.5%, ductility and toughness will deteriorate. For this reason, when adding, as 
for Nb content, it is desirable to consider it as 0.3 to 5.5%. 

[0045] Ta: Ta does not need to contain 0 to 11%. If it adds, Ta will raise creep strength in 
a very small quantity. Although the effect becomes remarkable at 0.5% or more, if it 
exceeds 5.5%, ductility and toughness will deteriorate. For this reason, when adding, as 
for Ta content, it is desirable to consider it as 0.5 to 5.5%. 

[0046] Y:0 to 0.25%, La:0-0.25%, Ce: 0 - 0.25%Y, La, and Ce do not need to contain. If 
it adds, these elements will mainly be Si02 under the heat cycle conditions of the 



operation stop of a chemical plant, and commencement of commercial operation. The 
adhesion nature of the coat of A1203 is raised and the carburizati on-proof nature and 
caulking-proof nature which were excellent also in the use under temperature change are 
maintained. If any element exceeds 0.25%, a cleanliness factor may deteriorate, 
processability may fall, and this effect may not become a product, although any element 
becomes remarkable at 0.01% or more. For this reason, as for each content of these 
elements in the case of adding, it is desirable to consider it as 0.01 to 0.25%. 
[0047] «Junction atmosphere» It is H2 in order to control oxidization coat generation 
during junction. It joins in the inactive gas atmosphere added 0% - 5% or the vacuum 
atmosphere of 8x10 to 1 or less torr. It is H2, in order to return an oxidization coat and to 
raise junction nature further, when joining in the former inactive gas atmosphere. It is 
desirable to make it contain at least 0.5% or more. As inactive gas, as described above, it 
is Ar and N2. It is good to use gas etc. 

[0048] «Junction time» If junction retention time has too short time, uniformity with a 
junction and a base material will not fully be performed, and the junction joint which has 
sufficient high temperature intensity is not obtained. Therefore, it is required to hold at 
least 120 seconds or more. Furthermore, you may be 240 seconds or more desirably. 
Although a maximum in particular is not limited, if construction efficiency etc. is taken 
into consideration, about 1 800 seconds will become a standard. 
[0049] «Pressurization power» Pressurization power is 0.1 kgf(s)/mm2. In the 
following, destruction of the A1203 oxidization coat of a connected surface does not 
progress, and sufficient wettability is not obtained. On the contrary, 2.0 kgf7mm2 In **, it 
becomes easy to produce modification at the time of junction. Therefore, the 
pressurization power at the time of junction is 0.1 to 2.0 kgf7mm2 at the pressure in a 
field perpendicular to the direction made to associate. It carries out. The more desirable 
range is 0.3 to 1.5 kgf/mm2. It is. 

[0050] «Stress-relief-heat-treatment conditions In this invention, since the joint which 
has sufficient high temperature intensity by using the above-mentioned insertion material 
and fulfilling the above-mentioned junction conditions is obtained, it is not necessary to 
necessarily perform stress relief heat treatment.» However, as mentioned above, when 
performing stress relief heat treatment to the joint part after junction, it is desirable to 
perform stress relief heat treatment at that which can raise high temperature intensity 
further. 

[0051] However, temperature T (degree C) is within the limits which is 1 100-1350 
degrees C, and temperature T and the parameter P value calculated by a bottom type 
based on retention time t (s) need to perform the stress relief heat treatment to the basis of 
the conditions which become 33 or less. In temperature T, at less than 1 100 degrees C, 
the retention time t becomes long, and efficiency falls [ this ]. Moreover, in 33 super- 
****** and the intermetallic compound of a nickel-aluminum system, more than 1350 
degree C or a parameter P value deposits so much, high temperature intensity (creep 
strength) is rather remarkable and temperature T not only falls, but it is for toughness to 
fall. 

[0052] In addition, although the minimum in particular of a parameter P value does not 
need to set, since uniformity of an organization will not fully be performed and sufficient 
improvement effect of high temperature intensity (creep strength) will not be acquired if 
P value becomes less than 25, carrying out to 25 or more is desirable [ the minimum of P 



value ]. 

[0053] P=(T+273) x(log(t/3600)+20) xl0-3 -- here, log means the logarithm which uses 

10 as a bottom. 

[0054] 

[Working example] An example explains the effect of this invention. 

[0055] The chemical constitution of the used jointed material (high aluminum content 

nickel machine alloy) is shown in Table 1. 

[0056] 

[Table 1] 
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[0057] Table 2 shows the creep breaking strength of 10000hr(s) at 1000 degrees C of 

these jointed material. The creep breaking strength of alloy No. **, **, and ** is 1.3, 1.4, 

or 1.5 kgf(s)/mm2, respectively. It is. 

[0058] 

[Table 2] 
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[0059] The chemical constitution of the insertion material often kinds of examples of this 
invention and six kinds of comparative examples is shown in Table 3. 
[0060] 
[Table 3] 
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[0061] It joined on various junction conditions using above-mentioned jointed material 
and above-mentioned insertion material, and the joint performance was evaluated. 
[0062] Table 4 - 7 is a table showing the junction conditions of each test number. 
[0063] 
[Table 4] 
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[Table 5] 
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[Table 6] 




£ 6 


E 


* 




Na 


(torr) 


CO 


tt 


i 


AJ26 






8.0X10 -1 








AJ27 


© 


Al 


L0X10: 1 


1230 


120 




BJll 


1 




BJ12 






m 







(kgf/nnn2) 







(hr) 




8543(85%) 


0 


8891(89%) 


0 


1167(12%) 


38 


866( 9%) 


51 



1.0 



[0066] 
[Table 7] 
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[0067] Evaluation of joint performance appeared the cross section of the junction of a 
junction joint, and measured the rate of a junction defect (void). The rate of a junction 
defect (void) is a value defined as {(occupancy length of void) /(junction length)} 
xl00%. Only the joint whose rate of a junction defect is 0% was judged to be success. 
[0068] Drawing 1 is the figure showing the form of a creep test piece, and the size of 
each part. The specimen of the form shown in drawing 1 from the joint joined on 
condition of the above is extracted, and they are the temperature of 1000 degrees C, and 
1.5 kgf/mm2 stress. The creep rupture test was carried out on conditions. The joint which 



reached 80% or more of the creep fracture time of the base material was judged to be 
success. In addition, the creep fracture time of a base material is the temperature of 1000 
degrees C, and 1.5 kgf/mm2 stress. Since it was 104 or more hr on conditions, it was 
considered as the standard of the judgment of 104hr, and when the fracture time of 8000 
or more hr was obtained, it was considered as success. 
[0069] The test result was collectively shown in Table 4-7. 

[0070] As shown in Table 4, in test number AJ1-AJ25 within the limits which insertion 
material and junction conditions specify by this invention, there is no junction defect and 
the joint which moreover has 80% or more of creep breaking strength of a base material 
was obtained. In test number AJ22-AJ25 which performed stress relief heat treatment on 
the conditions especially specified by this invention, the joint which has 90% or more of 
creep breaking strength of a base material was obtained. 

[0071] On the other hand, as shown in Table 5, in the test number BJ1 or BJ4 of the 
comparative example, in insertion material, respectively since Ce was superfluous, the 
rate of a junction defect became 40% or more, excluding Zr, Hf, Nb, Ta, and Ce at all, 
and creep breaking strength was about 10% of a base material. In the test number BJ2 or 
BJ3 of the comparative example, since [ that B content of insertion material is high 
respectively ] it elapsed or was too low, the rate of a junction defect and creep breaking 
strength were bad. In the test number BJ5 or BJ6 of the comparative example, since [ that 
Cr content of insertion material is high respectively ] it elapsed or was too low, the 2 
above-mentioned characteristics were bad. In the test number B J7 or BJ8 of the 
comparative example both, since junction time was short, the 2 above-mentioned 
characteristics were bad. Since it joined without pressurization power in the test number 
BJ9 of the comparative example, creep breaking strength was very bad. In the test 
number BJ10 of the comparative example, pressurization power was too high, a junction 
joint was not obtained, and a creep test was not able to be done. 
[0072] Moreover, as shown in Table 6, in the test numbers AJ26 and AJ27 of the 
example of this invention, the good result with which it should be satisfied of the 2 
above-mentioned characteristics was obtained. On the other hand, since it joined in air 
pressure ltorr in the test number BJ1 1 of the comparative example and joined in the 
atmosphere in the test number BJ12, creep breaking strength fell and the rate of a 
junction defect became high. 

[0073] Furthermore, with the test numbers BJ13 and BJ14 of the comparative example, 
as shown in Table 7, although the junction defect was not generated, since the parameter 
P value had separated from the range as which temperature T is 1400 degrees C, and the 
conditions of stress relief heat treatment all specify 34 and the latter by this invention, as 
for the former, creep breaking strength fell remarkably. 
[0074] 

[Effect of the Invention] By this invention, heat-resistant nickel machine alloy with high 
aluminum content can be joined, without degrading the characteristics, such as creep 
strength, and it becomes possible to manufacture the high petrochemical plant of safety 
etc. inexpensive. 



[Brief Description of the Drawings] 



[Drawing 1] It is the figure showing the form of the creep test piece used for the creep 
test of the example, and the size of each part. 
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